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7KLV SDSHU SUHVHQWV DQ LQQRYDWLYH DSSURDFK WR LPSURYH VXVWDLQDELOLW\ RI URDG WUDQVSRUWDWLRQ E\ UHGXFLQJ &2
HPLVVLRQVE\HQKDQFLQJSURFHVVHIILFLHQF\LQORJLVWLFQRGHVLQFRPELQDWLRQZLWKLQWHOOLJHQWYHKLFOHURXWLQJLQXUEDQ
DUHDV 7KH FRPELQDWLRQRI GLVFUHWH HYHQW VLPXODWLRQ DQGPDWKHPDWLFDO RSWLPL]DWLRQ DSSURDFKHV HQDEOHV WR DQDO\]H
SURFHVVHVLQORJLVWLFVQRGHVDQGWRRSWLPL]HYHKLFOHURXWLQJ7KHWKHUHE\LPSURYHGXWLOL]DWLRQRILQWHUQDODQGH[WHUQDO
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ZLWK JURZWKRIZRUOGZLGH WUDQVSRUWDWLRQRI FDUJR)XUWKHUPRUH /7/ IRUZDUGLQJ DJHQFLHV LQ*HUPDQ\
KDYH WR IDFHD VWURQJSUHVVXUHRIFRPSHWLWLRQGXH WRD VWURQJO\ IUDJPHQWHGDQGG\QDPLFPDUNHWZKLFK
OHDGV WR VPDOO SURILWPDUJLQV RI 7KHSHUIRUPDQFH RI WKHVH FRPSDQLHV LV VWURQJO\ LQIOXHQFHG E\
YDU\LQJ WUDQVSRUW WLPHV EHWZHHQ WZR FRQVHFXWLYH SRLQWV GXH WR WUDIILF MDPV DQG QXPHURXV XQNQRZQ
FXVWRPHURUGHUVZKLFKDUHLQFUHDVLQJO\UHFHLYHGVKRUWO\EHIRUHWKHDFWXDOSLFNXSDQGWKHUHIRUHLPSDFWLQJ
WKH SHUIRUPDQFH WRR 0RUHRYHU W\SLFDO IRUZDUGLQJ DJHQFLHV SHUIRUP WKH SLFNXSV DQG WKH GHOLYHULHV
FRQMRLQHG7KH\KDYHWRFRSHZLWKKXQGUHGVRISLFNXSVDQGGHOLYHULHVHDFKGD\DQGDIHZWHQVRIYHKLFOHV
DUH QHFHVVDU\ WR VHUYLFH WKH FXVWRPHUV LQ WKH VKRUWGLVWDQFH WUDIILF UHJLRQ )XUWKHUPRUH LQTXLULHV RI
EXVLQHVV FXVWRPHUV FDQQRW EH QHJOHFWHG ,W LV LPSRUWDQW WR IRFXV RQ WKH LQWHJUDWLRQ RI XQNQRZQ WUDYHO





UHVWULFWLRQVPHQWLRQHG DERYH$OO WKHVH FRQVWUDLQWV DUHGLIILFXOW WR KDQGOH VR WKDW TXLWH RIWHQ DGGLWLRQDO
YHKLFOHVDUHXVHGRUHPSW\WULSVDUHUHTXLUHGWRWLPHO\PDQDJHWKHRSHUDWLRQV6XVWDLQDEOHRSHUDWLRQVDUH
RQO\SRVVLEOH LI WKHVHSURFHVVHVDUHRSWLPL]HGDQGVRPHRI WKHGD\WRGD\VWRFKDVWLF LV LQFOXGHG LQ WKH
SODQQLQJ
7KH WHUPLQDOV DUH WKH LQWHUIDFH EHWZHHQ WKH GLIIHUHQW WUDQVSRUW SURFHVVHV PHQWLRQHG DERYH
&RQVHTXHQWO\WKHWLPHZLQGRZVIRUWHUPLQDORSHUDWLRQVDUHYHU\UHVWULFWHGDQGUDWKHULUUHVSHFWLYHRIWKH
DPRXQWRIVKLSPHQWV WKDWKDYH WREHKDQGOHGRQDVSHFLILFGD\(VSHFLDOO\GXH WR WKHFKDUDFWHULVWLFVRI
SLFNXS DQG GHOLYHU\ SURFHVVHV VXFK DV XQNQRZQ WUDYHO WLPHV RU ODWH FROOHFWLRQ DW FXVWRPHUV WHUPLQDO
SURFHVVHV DUH FKDOOHQJHGE\ GLVWLQFWLYHSHDN KRXUV DQG VWRFKDVWLF LQIOXHQFHVZKLFK UHVXOW LQ LQHIILFLHQW
UHVRXUFHXWLOL]DWLRQ+RZHYHUFRPSHWLWLRQEHWZHHQGLIIHUHQWIRUZDUGHUVQHFHVVLWDWHVDORZSULFHDVZHOO
DV D JRRG TXDOLW\ RI WKH VHUYLFHV 7KXV LW DOVR KDV WR EH IRFXVHG RQ WKH LPSURYHPHQW RI WHUPLQDO
HIILFLHQF\DVZHOOZKHQLWFRPHVWRWKHHQKDQFHPHQWRIVXVWDLQDELOLW\RI/7/WUDIILF
&2 HPLVVLRQV IURP URDG WUDQVSRUW DUH WKH VHFRQG ODUJHVW NH\ VRXUFH RI JUHHQKRXVH JDV *+*
HPLVVLRQVLQWKH(87KH\KDYHLQFUHDVHGDEVROXWHO\DVZHOODVUHODWLYHO\RYHUWKHSDVW\HDUVGXHWRWKH
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RXU VFRSHRI LQYHVWLJDWLRQ LV GHGXFWHG$IWHUZDUGV WKH\ DUH DSSOLHGRQ D UHDOZRUOG VFHQDULR LQ VHFWLRQ
WKUHH
,PSURYLQJ6XVWDLQDELOLW\RI/HVV7KDQ7UXFNORDGRSHUDWLRQV
7R HQKDQFH VXVWDLQDELOLW\ LQ /7/ QRGHV DQG QHWZRUNV VHYHUDO PHDVXUHV FDQ EH WDNHQ FRQFHUQLQJ
VWDWLRQDU\SURFHVVHVLQWKHWHUPLQDOVDQGPRELOHWUDQVSRUWDWLRQSURFHVVHV5RDGWUDQVSRUWLVWKHPDLQSDUW
RIPRELOH SURFHVVHV LQ/7/ QHWZRUNV ,Q WKH GDLO\ EXVLQHVV RI IRUZDUGLQJ DJHQFLHV WKH\ LQFOXGH ORFDO
SLFNXS DQG GHOLYHU\ SURFHVVHV RI VKLSPHQWV DV ZHOO DV OLQH KDXO WUDQVSRUWV EHWZHHQ KXEV DQG GHSRWV
FRQGXFWHG E\ WUXFNV 'XH WR WKH IRVVLO IXHO FRQVXPSWLRQ WKHVH PRELOH SURFHVVHV DFFRXQW IRU
DSSUR[LPDWHO\RIWKH&2HPLVVLRQRIWKHZKROHGHOLYHU\SURFHVVVWDWLRQDU\SURFHVVHVDFFRXQWIRU
DFFRUGLQJO\&ODXVHQHWDO








RIWHQQRW UHDOL]DEOH IRU ORJLVWLFVHUYLFHSURYLGHUV7KXV WR LQFUHDVHHIILFLHQF\DWVKRUWQRWLFHSULPDULO\
SURFHVVLPSURYHPHQWVLQVLGHWKHWHUPLQDOVDUHUHTXLUHG
:LWK UHJDUG WRPRELOH SURFHVVHV LQ D QHWZRUN RI D ORJLVWLF VHUYLFH SURYLGHU IXQFWLRQDOPHDVXUHV WR
DEDWH*+* HPLVVLRQV FDQ KDUGO\ EH DSSOLHG*HQHUDOO\ WKHVH WDVNV DUH FRQGXFWHG E\ WUXFNV WKHUHIRUH
DOWHUQDWLYHSURSXOVLRQ V\VWHPV DQG&2QHXWUDO IXHOV DUHRSWLRQV WRGHFUHDVH&2 HPLVVLRQV%XW WKHVH
QHZ WHFKQRORJLHV GHPDQG KLJK LQYHVWPHQWV DQG VWLOO DUH QRW UHDG\ IRU WKH FKDOOHQJLQJ DSSOLFDWLRQV LQ
ORJLVWLFQHWZRUNV+HQFH LPSURYHGYHKLFOH URXWLQJDQGHQKDQFHGXVDJHRI UHVRXUFHVFDQEHDSSOLHG WR
LQFUHDVHVXVWDLQDELOLW\RIPRELOHSURFHVVHV7KHFRPSOH[URXWLQJWDVNVLQIRUZDUGLQJDJHQFLHVDUHVROYHG
TXLWHRIWHQPDQXDOO\5HVXOWLQJ LQHIILFLHQFLHVHJHPSOR\PHQWRIDGGLWLRQDOYHKLFOHVGHWRXUVZDLWLQJ
WLPHV ODWH GHOLYHULHV FDXVH &2 HPLVVLRQ ZKLFK TXLWH RIWHQ FRXOG KDYH EHHQ DYRLGHG XVLQJ PRUH
VRSKLVWLFDWHG SODQQLQJ DSSURDFKHV 7ZR DVSHFWV DUH UHOHYDQW IRU WKLV )LUVW GXH WR GHYHORSPHQWV LQ
LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJ\ WKH DJHQFLHV UHFHLYH LQTXLULHV VKRUWO\ EHIRUH WKH DFWXDO
SLFNXS 7KDW LV XS WR  SHUFHQW RI DOO RUGHUV DUH XQNQRZQ DW WKH EHJLQQLQJ RI WKH GD\ 6HFRQG
XQH[SHFWHG WUDIILF VLWXDWLRQV DUH HQGDQJHULQJ WKH VFKHGXOHG SLFNXSV WKRXJK WUDIILF LQIRUPDWLRQ LV












RI WKH WHFKQLTXHV 2Q WKH RQH KDQG RSWLPL]DWLRQ LV LQ RXU RSLQLRQ LQVXIILFLHQW WR PRGHO WKH KLJKO\
FRPSOH[VWRFKDVWLFDQGQRQVWDQGDUGRSHUDWLRQVLQ/7/WHUPLQDOV$QRSWLPL]DWLRQPRGHOZRXOGQHHG
VSHFLILF UXOHVDQGFDQQRWKDQGOHYHU\ZHOO VWRFKDVWLF LQIRUPDWLRQRQYDULRXV WUDQVSRUW OHYHOVZLWKLQ WKH




1RQHWKHOHVVZHGLVFRYHUHGWKDW WKHVWDQGDORQHHQKDQFHPHQWRI LQWUDORJLVWLFDQGURXWLQJLV OLPLWHG
7KHRYHUDOOV\VWHPSHUIRUPDQFHFRXOGEHIDUEHWWHULIZHZRXOGVRPHKRZHQDEOHDQLQWHUDFWLRQEHWZHHQ
VLPXODWLRQ DQG RSWLPL]DWLRQ 7KH IROORZLQJ EHQHILWV FRXOG FHUWDLQO\ EH UHDOL]HG IURP D FRPELQHG
DSSURDFK
x $ VWHDG\ WHUPLQDO XWLOL]DWLRQ FDQ EH DFKLHYHG LI WUXFNV EULQJLQJ VKLSPHQWV IURP WKH VKRUW
GLVWDQFH VHUYLFH DUHD DUULYHPRUH XQLIRUPO\ GLVWULEXWHG DW WKH WHUPLQDO 7KLV LPSURYHV UHVRXUFH
XWLOL]DWLRQLQWKHWHUPLQDOEXWDOVRWUXFNRSHUDWLRQVIRUWKHORQJGLVWDQFHVHUYLFHV






5HDO ORJLVWLF QHWZRUNV DUH FKDUDFWHUL]HG E\ VHYHUDO DVSHFWV /D\RXWV DQG UHVRXUFHV LPSDFW DOUHDG\
H[LVWLQJV\VWHPVDQGKDYHWREHFRQVLGHUHGHVSHFLDOO\IRUDSXUSRVHGRSWLPL]DWLRQ$QRWKHULQIOXHQFHRQ
WKHQHWZRUNDUHKLJKO\G\QDPLFSURFHVVHVZKLFKPDNHWKHVWDWHRIWKHV\VWHPFKDQJHRYHUVKRUWSHULRGV
RI WLPH )XUWKHUPRUH WKH V\VWHP XQGHUOLHV FRPSOH[ GHSHQGHQFLHV RI WKH GLIIHUHQW FRPSRQHQWV LQ WKH
QHWZRUN
(QKDQFLQJSURFHVVHIILFLHQF\RI/7/WHUPLQDOVE\VLPXODWLRQ
7HUPLQDOV RI ORJLVWLFV VHUYLFH SURYLGHUV DUH XVHG IRU WKH WUDQVVKLSPHQW EHWZHHQ ORFDO SLFNXS DQG
GHOLYHU\SURFHVVHVDQGOLQHKDXOVIURPGHSRWWRGHSRW,QJHQHUDOWKHVWUXFWXUHRID/7/WHUPLQDOFRQVLVWV
RIWZRVXEV\VWHPVWKH\DUGDQGWKHWHUPLQDOEXLOGLQJ7KHGRRUVDUHWKHLQWHUIDFHEHWZHHQWKHSURFHVVHV
RQ WKH \DUG KDQGOLQJ WUXFNV WUDLOHUV DQG VZDS ERGLHV DQG WKH LQWHUQDO VRUWLQJ SURFHVVHV 9DULRXV
FRPSRQHQWV IXQFWLRQDO DUHDV DQG UHVRXUFHV KDYH WR LQWHUDFW IRU VXFFHVVIXO RSHUDWLRQV ZKLFK DUH
DGGLWLRQDOO\YHU\PXFKGHSHQGHQWRQ WKHJLYHQOD\RXWRIWKHWHUPLQDODQGWKHKDQGOLQJUHTXLUHPHQWVRI
VKLSPHQWVGXHWRWKHORZOHYHORIDXWRPDWLRQ3HFN
7KHUHIRUH WKHPHWKRG LV VXSSRVHG WR HQDEOH WR UHVHDUFK JLYHQ OD\RXWV DQG UHVRXUFHV UHSURGXFH WKH
KLJKG\QDPLFRISURFHVVHV DQGGLVSOD\ WKHFRPSOH[GHSHQGHQFLHVRIGLIIHUHQWFRPSRQHQWV6LPXODWLRQ
KLJKO\ PHHWV WKHVH UHTXLUHPHQWV DQG HQDEOHV WR WHVW WKH IHDVLELOLW\ RI PHDVXUHV WDNHQ WR RSWLPL]H
SHUIRUPDQFH7KLVPHWKRGWDUJHWVWRGHWHFWWKHHIILFLHQF\RIDV\VWHPE\NH\ILJXUHVDQGWRHYDOXDWHWKH
EHQHILWRIYDULRXVLPSURYHGVWUDWHJLHV%\PRGHOLQJWKHOD\RXWRI IRUZDUGLQJDJHQFLHVLWHQDEOHVWRWHVW
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WKH LQWHUDFWLRQ DQG WKH HIIHFWV RI VWUDWHJLF SODQQLQJ HJ OD\RXW GHFLVLRQV RQ WDFWLFDO DQG RSHUDWLRQDO
SURFHGXUHVHJGLVSDWFKLQJVWUDWHJLHVDQGWRGHULYHUXOHVIRULQWHUQDODQGH[WHUQDOORJLVWLFVSURFHVVHV
7KH VLPXODWLRQ WRRO 7UDQV6LP 1RGH ZKLFK HVSHFLDOO\ PHHWV WKH UHTXLUHPHQWV RI VWUDWHJLF DQG
RSHUDWLRQDO WDVNV LQ ORJLVWLF WHUPLQDOV KDV EHHQ GHYHORSHG E\ WKH ,QVWLWXWH RI 7UDQVSRUW /RJLVWLFV LQ
FRRSHUDWLRQZLWK,QFRQWURO(QWHUSULVH'\QDPLFV7KHWRROSHUPLWVDGHWDLOHGUHSURGXFWLRQRILQWHUQDODQG
H[WHUQDOPDWHULDODQGLQIRUPDWLRQIORZVLQORJLVWLFVQRGHVRIURDGKDXODJHRQDPLFURVFRSLFOHYHOEDVHG




RQ WKH \DUG DUHD DQG ZLWKLQ WKH WHUPLQDO FDQ EH PRGHOHG 7KHUHIRUH VRPH SUHFRQILJXUHG DWRPV RI
(QWHUSULVH'\QDPLFVFDQEHDSSOLHG WR WKHGHYHORSHG WRRO IRUH[DPSOHIRUNOLIWVDQGDGGLWLRQDOO\ VRPH
IRUZDUGLQJVSHFLILFDWRPVKDYHEHHQGHVLJQHG7KRVHIRUZDUGLQJVSHFLILFDWRPVPDLQO\DUHLQWHUQDODQG
H[WHUQDO OD\RXW DWRPV IRU H[DPSOH ZDLWLQJ DQG VKXQWLQJ DUHDV DV ZHOO DV GRRUV DQG GLIIHUHQW EXIIHUV
ORDGLQJ XQORDGLQJ EXIIHULQJ DUHDV ,Q DGGLWLRQ VWUDWHJLF DWRPV IRU URXWLQJ WKH YHKLFOHV µ<DUG
0DQDJHPHQW¶ KDYHEHHQGHYHORSHG*HQHUDOO\ WKHGLIIHUHQW GHFLVLRQVRI DVVLJQPHQW HJ YHKLFOHV WR
GRRUVIRUNOLIWVWRWUDQVSRUWWDVNVDUHPDGHDFFRUGLQJWRWKH),)2SULQFLSOHDVLWLVDSSOLHGLQSUDFWLFHGXH

























ZHGHYHORSHGDPRGLILHG WDEXVHDUFK WRVROYH WKHSODQQLQJ WDVNDWKDQG7KH WDEXVHDUFKH[SORUHVRQO\
SDUWV RI WKH VROXWLRQ VSDFH E\PRYLQJ DW HDFK LWHUDWLRQ WR WKHPRVW SURPLVLQJ QHLJKERU RI WKH FXUUHQW
VROXWLRQHYHQLIWKLVUHTXLUHVDGHFUHDVHRIWKHREMHFWLYHIXQFWLRQ&\FOLQJLVDYRLGHGE\XVLQJDWDEXOLVW
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ZLWKRXW RU QHDUO\ ZLWKRXW H[WUD WRXUV 3UHUHTXLVLWH RI VXFK VPRRWK WRXU FKDQJHV LV WKDW DPRQJ RWKHU
WKLQJV WKH FXVWRPHU DOWHUDWLRQV DUH NQRZQ LQ WLPH WKH RUGHUV DUH SLFNXS RUGHUV DQG WKH UHPDLQLQJ
FDSDFLW\LVVXIILFLHQW7KHDSSURDFKLVDEOHWRSODQURXWHVLQUHDOWLPHGXULQJWKHWRXUH[HFXWLRQEXWDOVR
XVH DQWLFLSDWLRQ WR DYRLG RU PLQLPL]H VXGGHQ UHVFKHGXOLQJ 7KHUHIRUH WKH URXWHV LQFOXGH FXVWRPHU






WKH VDPH OHQJWK WKHXQORDGLQJ ]RQH LV ORFDWHG LQ WKH FRUQHU RI WKHEXLOGLQJ DQG WKHUHIRUH DOUHDG\ DW D
TXLWH JRRG SRVLWLRQ LQ WHUPV RI FHQWUDOLW\ DQG OLQNDJH WR WKH RWKHU SDUWV 7KH IRUNOLIW SDWK QHWZRUN LV
SRVLWLRQHGLQWKHFHQWHURIHDFKWHUPLQDOVHFWLRQ










WLPHVDQGGLVWDQFHV:HGHILQHG WKH UHIHUHQFH VFHQDULR VFHQDULRDV WKHRQHGHVFULEHGDERYHZKLFK





WUDQVSRUWDWLRQGLVWDQFHV WKHUHIRUHFDQRQO\EHREWDLQHGE\RSWLPL]LQJ WKHDVVLJQPHQWRIGHVWLQDWLRQV WR
LQWHUQDOEXIIHUDUHDVZLWKVSHFLDOUHJDUGWRKLJKO\IUHTXHQWHGPDLQKDXOGHVWLQDWLRQV$VDFRQVHTXHQFHD
QHZ DVVLJQPHQW RI WUDLOHUV WR ORDGLQJ GRRUV DQG WKH UHODWHG EXIIHU DUHDV RFFXUUHG IRU WKH QDWLRQDO
GHVWLQDWLRQV %DVHG RQ WKH QXPEHU RI VKLSPHQWV IRU HDFK GHVWLQDWLRQ DQG VHYHUDO FRQVWUDLQWV RI






VWUDWHJLHV VFHQDULR  ,Q VFHQDULR  WKH ),)2 SULQFLSOH LV FRQVLGHUHG DV WKH EDVLF VWUDWHJ\ EHFDXVH
IRUZDUGLQJDJHQFLHVGRQRWZRUNZLWKDIRUNOLIWIOHHWFRQWURO2WKHUGLVSDWFKLQJVWUDWHJLHVDOORZGLVWDQFH
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DQG WLPH7KHUHIRUH WUDYHO WLPHV DUH WKH UHOHYDQWNH\ ILJXUHV WR HYDOXDWH WKHSHUIRUPDQFH  UHDVRQDEOH
YDOXHVWRDQDO\]HDUHWRWDOWUDQVSRUWWLPHSHUGD\GLIIHUHQWLDWHGLQIXOODQGHPSW\WUDQVSRUWWLPHDQGIXOO
WUDYHO WLPH SHU VKLSPHQW ,W LV SUHGLFWDEOH WKDW LQ WKH WKLUG VFHQDULR ZKHUH WKH GLVSDWFKLQJ VWUDWHJ\ LV
DSSOLHG IXOO WUDYHO WLPHFDQQRWEHRSWLPL]HGGXH WR WKH IDFW WKDW WKHGRRUGHVWLQDWLRQDVVLJQPHQW LVQRW










)XOOWUDYHOWLPHRIIRUNOLIWVSHUGD\KU   
(PSW\WUDYHOWLPHIRUNOLIWVSHUGD\KU   
$YJIXOOWUDYHOWLPHSHURXWERXQGVKLSPHQWVHF   
$YJIXOOWUDYHOWLPHSHULQERXQGVKLSPHQWVHF   
1XPEHURIVKLSPHQWVSHUGD\   






SHU VKLSPHQW EDVHG RQ WKH VDPH OD\RXW FRQFHSW ± WKH IXOO WUDYHO WLPH LV WKH VDPH DV LQ WKH UHIHUHQFH
VFHQDULR &RPSDULQJ WKHVH WKUHH VFHQDULRV FRQFHUQLQJ WKH WRWDO LQWHUQDO WUDYHO WLPHV WKH QHZ OD\RXW
FRQFHSWVDYHVKRXUVRIWUDYHOWLPHSHUGD\WKHGLVSDWFKLQJVWUDWHJ\KRXUVRIWUDYHOWLPHSHUGD\
DQGWKHUHIRUHERWKDUHVXLWDEOHWRLQFUHDVHWKHSHUIRUPDQFHRIWKHWHUPLQDOVLJQLILFDQWO\
,Q DGGLWLRQ WKH VKRUWHU WUDYHO WLPH RI IRUNOLIWV OHDG WR HDUOLHU GHSDUWXUH RI ORFDO WUXFNV 7KH ORFDO





)RU HDFK RI WKH VLPXODWHG VFHQDULRV ZH SHUIRUPHG D VLPSOLILHG YHKLFOH URXWLQJ DSSURDFK ZLWK SRVW
RSWLPL]DWLRQEXWZLWKRXW±GXHWRGDWDDYDLODELOLW\DQGFRPSDUDELOLW\±XVLQJWLPHGHSHQGHQWWUDYHOWLPHV
DQGWLPHZLQGRZV7KHDYHUDJHQXPEHURIYHKLFOHXVHGFRXOGEHUHGXFHGE\2IFRXUVHWKLVILJXUH
LV D OLWWOH ELW PLVOHDGLQJ DV QRW DOO FRQVWUDLQWV RI WKH UHDO GD\WRGD\ RSHUDWLRQV HJ WLPH ZLQGRZV
YROXPH FRXOG EH LQFOXGHG EXW LW VKRZV WKH SRWHQWLDO IRU FRPSXWHUEDVHG URXWLQJ VROXWLRQV LQ WKLV
HQYLURQPHQWZKLFKIXUWKHUDQDO\]HGEHORZ0RUHRYHUWKHUHVXOWVDWWKHHQGRIWDEOHGRQRWGLIIHUIRU
VFHQDULRV DQG7KLV LV GXH WR WKH IDFW WKDW WKH UHDOL]HG VDYLQJV IRU HDFK LQGLYLGXDO VKLSPHQW LQ WKH
VLPXODWLRQFRXOGQRWIXUWKHUEHXVHGLQWKHURXWLQJ7KDWLVLIRQHVLQJOHVKLSPHQWIRURQHYHKLFOHQHHGV
PRUH WLPH LQ WKH /7/ WHUPLQDO WKH YHKLFOH VWLOO KDV WRZDLW IRU WKLV VLQJOH VKLSPHQW ([DFWO\ WKLV IDFW
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PRWLYDWHV XV WR IXUWKHU UHVHDUFK SRVVLEOH LQWHOOLJHQW LQWHUIDFHV IRU ³FRPPXQLFDWLRQ´ EHWZHHQ WKH
VLPXODWLRQHQYLURQPHQWDQGWKHRSWLPL]DWLRQWRSURPRWHLPSURYHPHQWVLQWKHURXWLQJSURFHVV
%HVLGHVDQLQWHOOLJHQWLQWHUIDFHWKHURXWLQJFDQEHLPSURYHGE\LQFOXGLQJGD\WRGD\XQFHUWDLQWLHVDQG
SUDFWLFDO UHVWULFWLRQV 7KH DGYDQWDJH LV WKDW QRW RQO\ WKH QXPEHU RI YHKLFOH DQG GULYLQJ WLPHV DUH
FRQVLGHUHGEXWTXDOLW\DVSHFWVDVUHOLDELOLW\DQGSXQFWXDOLW\DUHLQFOXGHGDVZHOO7KLVLVLOOXVWUDWHGXVLQJ
QLQHW\SLFDOGD\VWKDWUHIOHFWZHHNO\DQGVHDVRQDOIOXFWXDWLRQVRIWKHYROXPHRIJRRGVWUDQVSRUWHG7KHVH
DUH WKHQXVHGIRU WHVWLQJ WKHGHYHORSHG WDEXVHDUFK7KHUHSUHVHQWDWLYHGD\VXVHGIRU WKHHYDOXDWLRQDUH
WKH GD\V L WR L ZKLFK KDYH DQ DYHUDJH WRWDO GDLO\ GHPDQG DQG VXSSO\ RI NJ DQG 
FXVWRPHUV ORFDWLRQV (VSHFLDOO\ WKH LQFOXVLRQ RI WLPH ZLQGRZV LV DQ LPSRUWDQW SUDFWLFDO UHTXLUHPHQW









WKDW XVLQJ WLPH GHSHQGHQW URXWLQJ FDVHV ZLWK D KLJK FRQFHQWUDWLRQ RI ORFDWLRQV LQ ORFDO UHJLRQV LV OHVV
EHQHILFLDO WKDQXVLQJWKHRQHVZLWKJHRJUDSKLFDOO\GLVSHUVHGORFDWLRQV$YRLGLQJDOO ODWHGHOLYHULHVGRHV
QRWFKDQJH WKHDPRXQWRIYHKLFOHV UHTXLUHGQRWHZRUWK\EXWH[WUHPHO\KLJKSHQDOWLHV IRU ODWHGHOLYHULHV
DUH RPLWWHG$Q LQGLYLGXDO WUDGHRII EHWZHHQ VHUYLFH OHYHO DQG QXPEHU RI YHKLFOHV WKHUHIRUH GHILQLWHO\
LPSURYHVWKHWHUPLQDORSHUDWLRQV
7DEOH5HVXOWVRIYHKLFOHURXWLQJZLWKXQFHUWDLQWLHVDQGSUDFWLFDOUHVWULFWLRQV
,QVWDQFH 6WDWLFWUDYHOWLPHV 7LPHGHSHQGHQWWUDYHOWLPHV 7UDGHRII
1R P N P N 'P 'N
L      
L      
L      
L      
L      
L      
L      
L      
L      

)LQDOO\ WKH HFRORJLFDO LPSDFW LV HYDOXDWHG7RGHWHUPLQH WKH DPRXQW RI*+*HPLVVLRQV RI LQWHUQDO
WUDQVSRUWSURFHVVHV WKHVDPH WZRDSSURDFKHVDV IRUH[WHUQDOSURFHVVHVH[LVW WKHIXHOEDVHGPHWKRGDQG
WKHGLVWDQFHEDVHGPHWKRG7KHGLVWDQFHEDVHGPHWKRGUHIHUVWRWKHDQQXDOGULYLQJSHUIRUPDQFHNPDRU
WR WKH DQQXDO WUDQVSRUW SHUIRUPDQFH WNPD )RU WKH DSSOLFDWLRQ RI WKH IXHOEDVHG PHWKRG GDWD RI WKH




UHVXOWV IURP XQDYDLODEOH GDWD DERXW WKH OLTXLG JDV DPRXQW FRQVXPHG E\ IRUNOLIWV DV ZHOO DV PLVVLQJ
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LQIRUPDWLRQDERXWWKHLUPLOHDJHDQGHQHUJ\FRQVXPSWLRQSHUFRYHUHGGLVWDQFH,QVWHDGWKHHPLVVLRQVKDYH
EHHQ FDOFXODWHG EDVHG RQ WKH IRUNOLIWV RSHUDWLRQ WLPH HQHUJ\ FRQVXPSWLRQ SHU KRXU DQG WKH DWWDFKHG
HPLVVLRQVSHUKRXU2QWKLVDFFRXQWWKHHQHUJ\FRQVXPSWLRQYDOXHVSURYLGHGE\WKH9',GLUHFWLYH







FRQILJXUDWLRQ IRU /7/ WHUPLQDOV /LQGH  %\ OLQNLQJ WKH FRQVXPSWLRQ YDOXHV ZLWK DGHTXDWH
HPLVVLRQ IDFWRUV  NJ &2 SHU OLWHU OLTXLG JDV DQG DVVXPLQJ  ZRUNLQJ GD\V SHU \HDU WKH
HPLVVLRQVRIIRUNOLIWVIRUWKHZKROHWHUPLQDOFDQEHFDOFXODWHG



















$V GHVFULEHG DERYH WKHUH DUH WZR DSSURDFKHV WR FDOFXODWH*+* HPLVVLRQV IRU WUDQVSRUW SURFHVVHV
8QIRUWXQDWHO\ GXH WR WKH ODFN RI GDWD DYDLODELOLW\ LW LV QRW SRVVLEOH WR TXDQWLI\ WKH UHGXFWLRQ RI &2
HPLVVLRQV FRQFHUQLQJ WKH PRELOH SURFHVVHV IRU WKH V\VWHP )HZHU WUXFNV DUH UHTXLUHG WR RSHUDWH WKH
GHOLYHU\RIVKLSPHQWVLQWKHRSWLPL]HGVFHQDULRZKLFKZLOOUHVXOW LQDUHGXFWLRQRIWKHRYHUDOO WUDQVSRUW
GLVWDQFH(YHQLIQRUHGXFWLRQRIORFDOWUXFNVLVSRVVLEOHWKHIDVWHUORDGLQJRIORFDOYHKLFOHVZKLFKRIIHUV
XS WRKRXUVSHUGD\RIHDUOLHU OHDYLQJ IRUGHOLYHU\ LQ WRWDO FDQ OHDG WREHWWHU WUDQVSRUWSODQQLQJZLWK
FRQVLGHUDWLRQ RI WLPH UHVWULFWLRQV DQG WKHUHIRUH OHVV WUDQVSRUW GLVWDQFHV IRU GHOLYHU\ WRXUV ,Q DGGLWLRQ
*+*HPLVVLRQVIRUORQJGLVWDQFHWUDQVSRUWVFDQEHUHGXFHGEHFDXVHQRDGGLWLRQDOYHKLFOHVDUHQHHGHGIRU
WKHWUDQVSRUWDWLRQRIH[SUHVVVKLSPHQWVZKLFKFDQQRWEHORDGHGEHIRUHFXWRIIWLPHDQGWKHUHIRUHKDYHWR




LQ /7/ WHUPLQDOV 7KH RSWLPL]DWLRQ IRFXVHV RQ D SLFNXS DQG GHOLYHU\ SUREOHP LQFRUSRUDWLQJ SUDFWLFDO
FRPSOH[LWLHV ZKLFK UHFHLYHG RQO\ OLWWOH DWWHQWLRQ LQ OLWHUDWXUH 7KH SUHVHQWHG WDEX VHDUFK LV FDSDEOH RI
LQGXVWULDO VL]H SUREOHPV DQG SHUIRUPVZHOO ZLWK WLPH GHSHQGHQW WUDYHO WLPHV ZKLFK LV YHU\ KHOSIXO LQ
GHFUHDVLQJWKHSUREDELOLW\RIODWHQHVVGXHWRUXVKKRXUVVORZGRZQV)XUWKHUPRUHLWLVVKRZQWKDWGHWDLOHG
VLPXODWLRQ RI/7/ WHUPLQDOV LV DQ DSSURSULDWHPHWKRG WR HYDOXDWH WKH LPSDFW RI GLIIHUHQW VWUDWHJLHV RQ
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HFRQRPLFDQGHFRORJLFDOSHUIRUPDQFHRIWHUPLQDORSHUDWLRQVZKLFKODUJHO\LQIOXHQFHXSDQGGRZQVWUHDP
WUDQVSRUWDWLRQSURFHVVHV7KHGHYHORSHGPHWKRG WDNHV WKH HVVHQWLDO FKDUDFWHULVWLFV RI WKH WHUPLQDOV LQWR
DFFRXQWZKLFKJXDUDQWHHV WKHDSSOLFDELOLW\RI WKHUHVXOWV LQ WKHUHDOV\VWHP$FFRUGLQJO\ WKHFRPELQHG
DSSURDFKLVDEOHWRVLJQLILFDQWO\LQFUHDVHWKHVXVWDLQDELOLW\RI/7/WUDIILFGXHWRDQLPSURYHGXWLOL]DWLRQ
RIUHVRXUFHV7KHRQJRLQJUHVHDUFKZLOOIRFXVRQWKHUHILQHPHQWDQGWHVWLQJRIDPRUHLQWHOOLJHQWLQWHUIDFH
HQDEOLQJD³FRPPXQLFDWLRQ´RULQWHUDFWLRQEHWZHHQWKHVHWZRYHU\GLIIHUHQWPHWKRGV
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